ABSTRACT
Introduction
The relationship between vegetables consumption and risk reduction of chronic diseases is well known by the scientific community [1] [2] [3] . Vegetables from the genus Brassica may be beneficial in preventing such diseases [4] , since besides vitamins, carotenoids and polyphenols, they contain glucosinolates, which are compounds with low antioxidant activity but their hydrolysis generates products with certain anti-carcinogenic properties [5] [6] [7] . The main hydrosoluble antioxidants that vegetable tissues contain are vitamin C and phenolic compounds. Vitamin C includes the ascorbic acid and its oxidation product, the dehydroascorbic acid, which are present in high concentration in Brussels sprouts (Brassica oleracea L. gemmifera DC). For this reason, their incorporation to diet in higher amounts or the increase in the consumption frequency would be helpful to human health.
Despite of the evidence, campaigns promoting vegetables consumption, either fresh or frozen, have not been effective, at least in developing countries. The factors that influence the consumption of vegetables are personal (taste preference, attitude about health and body care), related to living and eating habits (frequency and type of consumed foods, environment of consumption), and of socio-environmental nature (choice of healthy eating, parental or familiar eating habits, socio-economic status, home availability of such foods, etc.) [8] . There are studies about the changes in quality and nutritional value of vegetables induced by freezing, conventional blanching and cooking [9] [10] [11] , as well as specific information of the Brassica vegetables [4, 12, 13] .
According to Viteri [14] , frozen vegetables are characterized globally by keeping the image of safety, healthy and easy-to-consume products, adaptable to consumers' needs. They maintain the quality of the fresh Processed Brussels Sprouts product due to the short time existing between harvest and industrial processing, and reduce notably the amount of waste, facilitating the consumption of small portions. In Argentina, the annual average consumption of frozen vegetables per individual is 250 g [14] , and it is considered as relatively low and corresponds to part-fried potatoes mainly. The consumption of Brussels sprouts is nearly limited to the fresh product, with a marked seasonal component. It is feasible that locally, in contrast with developed countries, there exists a paradigm in consumers that gives a lower quality to processed products than to the fresh ones. For this reason, it is important to evaluate the different operations that affect the main quality attributes, and simultaneously how such attributes are assessed by consumers. Therefore, the objectives of the present work were: 1) to investigate about the consumption habits of Brussels sprouts, the importance degree that consumers give to main attributes, and the construction they make about the product quality; 2) to determine how the different industrial operations affect the quality of Brussels sprouts; 3) to integrate the information obtained by both approaches.
Materials and Methods

Surveys to Consumers
To evaluate the buying behaviour of Brussels sprouts, a first survey was done to 92 habitual consumers of vegetables, within the range of 25 -65 years-old, from four cities of Argentina (Ciudad Autónoma de Buenos Aires, La Plata-Buenos Aires, Córdoba-Córdoba, Rosario-Santa Fe), which were chosen since they are urban centres with more than 500,000 habitants. The snowball sampling method was applied to perform the surveys [15, 16] . Data was obtained between August and December in 2009, asking about the buying and consumption frequency, preference and reason of preference.
From this first experience, habitual consumers of Brussels sprouts were selected, recruiting those consuming this vegetable at least once a month or seasonably. A second survey was carried out with these people; it was assessed the importance given to appearance, consistence and nutrients content of Brussels sprouts at the moment of consumption. For this aim, a Likert scale was used to measure each attribute.
Instrumental Analyses
Vegetable Samples
Brussels sprouts (Brassica oleracea L. gemmifera DC) cultivar Oliver were used, which were produced in a farm located in the agricultural belt of La Plata (34˚59' SL; 58˚30' WL), Argentina. Immediately after harvest, external leaves were eliminated and sprouts were selected according to a uniform commercial size [17] .
Processing Operations
With the aim of assessing instrumentally how the processing affected the main physicochemical attributes that contribute to quality of Brussels sprouts, the following operations were performed to fresh samples: two blanching treatments, one cooking method, and one freezing procedure; which were evaluated and selected previously [17, 18] . The operating conditions of different performed processes are informed in Table 1 .
Instrumental Measurements
Texture
Texture measurement (compression test) was carried out in a texture analyzer TA.XT2i (Stable Micro Systems Ltd, Surrey, UK) fitted with an aluminium disc of 75 mm diameter (probe P/75). Assays were performed at velocity 1 mm·s -1 , compressing 3 mm the product. For each treatment 10 replicates were used. Data was processed using the software Texture Expert® Exceed v 1.0 (Stable Micro Systems). Firmness (N) was calculated as the maximum force peak [19] .
Color
Color was measured using a colorimeter Minolta CR 300 Series (Osaka, Japan). The device was calibrated against a standard white plate (Y = 93.2; x = 0.3133; y = 0.3192). Color was registered at three different positions of sprouts head. For each treatment 10 replicates were used.
Chemical Analyses
Chlorophyll
Total chlorophyll content was determined by spectrophotometry according to the method proposed by Lichtenthaler [20] , using acetone 80% v/v for the pigment [17, 18] . Identification and quantification were performed using a standard solution of ascorbic acid. Extractions and measurements were done by duplicate. Results were informed as mg per 100 g of fresh matter.
Overall Quality
To quantify the change in overall quality produced by each operation, a function Z was defined using an additive model, which is one of the most popular approaches in consumers' preference studies [22] . In this way, overall quality was established as a function of the consumer opinion about the three main attributes of the product, i.e. appearance, consistency and nutrients content, and the instrumental measurement or chemical analysis related to such attributes. Then, Z was expressed as following:
where F, C and N are the retention percentages of firmness, color and nutrients, respectively; a, b and c are the coefficients (weight factors) determined as a function of consumer response associated with each attribute.
Statistical Analysis
An analysis of variance of the obtained data was performed. Mean comparison was done using the least significant difference test (Fisher's test) with p < 0.05. Figure 1 shows the results regarding the consumption frequency of Brussels sprouts. It can be seen that more than 42% of surveyed people consume the product seasonably. From this fact, it can be inferred a high preference for the fresh product, which was reflected also in the answers to third and fourth questions of the first survey, where more than 90% of respondents turned to this option. The main indicated motivation was the image of the non processing products, being associated with higher quality levels. With respect to seasonably consumption, it resulted to be relatively frequent, since the highest percentage of respondents corresponded to consumption made at least once a week (Figure 1) . Regarding the second survey, habitual consumers assigned 36%, 35% and 29% of relative importance to appearance, consistency and nutritional value parameters, respectively. These results indicate that a sort of parity would exist between the mentioned attributes, as components of the global quality idea the consumers construct about them.
Results and Discussion
Surveys
In a qualitative study, Zeinstra et al. [23] evaluated the perceptions of certain groups of children about fruits and vegetables. Participants were asked about which were the most disliked foods, and several respondents indicated vegetables, and particularly, Brussels sprouts. Besides, when asked about the reasons for the like or dislike of such foods, the main attributes mentioned were texture, taste and preference.
Instrumental Measurements
Firmness values of Brussels sprouts submitted to different treatments are shown in Figure 2 . Both blanching operations produced a significant decrease of firmness (greater than 80%), without observing significant differences between them. Cooking the product did not induce any significant change in the texture with respect to both blanching alternatives, but the incorporation of freezing prior to cooking produced an additional loss of firmness.
Gonçalves et al. [24] reported similar results about the firmness of pumpkin, which decreased 86% after blanching in water at 75˚C -95˚C. This is because thermal treatments strongly affect vegetables tissues, since they produce the solubilization of pectins present in the plant cell wall matrix [25] . Moreover, the temperature-jump generates the rupture of membrane cells, which allows the diffusion of water and solutes, as well as the loss of turgidity [26] . Even others components that contribute to insoluble fibre, such as cellulose, are also affected by hot water-immersion treatments.
The additional firmness loss due to freezing is produced when several factors that cause texture degradation converge, which are related to changes in cell membranes, cytoplasmic content, cell wall and middle lamella. During freezing ice is formed especially in the extracellular space, generating a water activity gradient from the inner ambient cell towards the exterior. These changes can result in the denaturation of proteins, alteration of plasma membranes and organelles.
Results regarding color measurement of Brussels sprouts surface are shown in Figures 3 and 4 . The observed differences were registered for L* coordinate and the chroma value. No significant variations were observed in the hue angle. With respect to L* coordinate (Figure 3) , all tested methods caused a loss of the product lightness. Chroma values of Brussels sprouts (Figure 4) were affected mainly by cooking operation, which produced the most significant decreases (p < 0.05) regarding the color saturation.
Intensity of green color can be attributed to chlorophyll content, and it is important in the determination of final quality of these products [27] .
Results of the analysis of total chlorophyll in Brussels sprouts are depicted in Table 2 . The performed operations did not cause significant differences in samples, under the tested conditions. Therefore, from an alimentary point of view, the processes implemented in this work would allow preserving the content of total chlorophyll. This fact is of utmost importance during processing of green vegetables since exists evidence of antimutagenic and anticarcinogenic activity, and antitumour action of chlorophyll and its derivatives, besides contributing to color [28] [29] [30] .
Regarding ascorbic acid content, Sikora et al. [13] reported that the average concentration of vitamin C in Brussels sprouts is 90.3 mg 100 g −1 , which is in agreement with the results of the present work ( Table 2) . Other authors informed that the content of vitamin C in Brussels sprouts is in the range of 66 -196 mg 100 g −1 [31] . As can be seen in Table 2 , blanching and cooking operations caused a significant decrease (p < 0.05) in the ascorbic acid concentration. Sikora et al. [13] carried out a similar study on several Crucifera vegetables, assessing their antioxidant activity during water-immersion heating. Authors found that the applied technological processes reduced the vitamin C content in the samples. The minor loss was caused by blanching. Cooking in boiling water produced the major decrease in vitamin C level of the studied products.
Thermal processing would affect the ascorbic acid content in a higher degree than other operations; Castro et al. [32] assessed alternative treatments and informed that high pressure treatments applied to pepper cause a lesser reduction of ascorbic acid content than conventional blanching. ers assigned to the importance they attributed to variables: appearance, consistency and nutritional value, overall quality was expressed as: 
By means of (2) and instrumental measurements that allowed calculating percentage of firmness (F), color (C) and nutrients content (N), the overall quality of the product obtained under different operations was quantified. It is worth to note that in (2) , the values of C were determined from the L* coordinate percentages because, regarding color, it was the parameter that presented the higher variations for the different applied operations. In the case of nutrients content (N), it was considered the percentage of ascorbic acid retention, since Viña et al. [17] and Olivera et al. [18] did not report significant differences for other assessed compounds, such as flavonoids (antioxidants). sprouts lead to final products with equivalent quality, according to relative importance assigned to different attributes by surveyed consumers. It was even observed that the frozen product obtained quality levels slightly higher than other alternatives. Nevertheless, when the same consumers were asked about their preferences, they answered in favor of acquiring fresh products, which means that there exist prejudging acts or paradigms on objective evaluation at the moment of deciding the consumption of this type of food.
Values of Z for each operation are presented in Figure  5 .
From this data it can be inferred that both blanching and cooking operations presented similar deterioration percentages of overall quality of Brussels sprouts. On the other hand, the freezing process did not involve further losses in addition to the ones caused by cooking.
Conclusions
The obtained information from this kind of studies The different processing methods applied to Brussels could be useful for the design of campaigns with the aim of promoting the consumption of frozen vegetables, especially those having a marked seasonal production, such as Brussels sprouts.
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